Introduction
Since droughts with unwanted consequences for the agricultural production have lately become more frequent, numerous investigations have been conducted regarding the influence of global warming on the soil water regime changes, both in Croatia and in the world. Using computer methods, adverse changes in soil water regime caused by frequent droughts in different parts of the world have been confirmed by numerous authors (Daly et al., 2006; Hernadi et al., 2009; Jiang et al., 2007; Porporato et al., 2004; Tao et al., 2005; Yang et al., 2008) . On the basis of water balance computations according to the Thornthwaite method, Mesic et al., (2001) estimate that there will be an increase in water deficit by 30 to 60% in Vol. 33, No. 2, p. 178-187, 2014 doi:10.2478 /eko-2014 lowland Croatia during the months of summer, as well as an increase in the annual number of days with temperature higher than 10 o C, by 25 to 40 days. Racz et al., (1998) estimate, due to global warming, a significant increase of evapotranspiration in the whole area of south Europe that will reduce, as stated, average moisture reserves in soil by 15 to 25%. Similar estimates, with the increasing threat of drought in some areas of Croatia, are given by Bonacci (1993) and Pandzic (1993) . In the next 50 years, according to climate models, a global surface temperature increase of 3 °C can be expected, and the consequences could be significant (Pandzic, 1998) . The results of Spoljar et al., (2004) in the area of Krizevci are in favour of this statement. The authors determined significantly greater water deficit in the past 16 years in comparison to two previously investigated 30-year periods.
It is assumed that, with respect to drought, in the entire area of Koprivnica-Krizevci County adverse changes have occurred in soil water regime, with possible adverse consequences on agricultural production. Thus, the objectives of this investigation included the comparison of the following:
• Climatic conditions during the past 18 years and the 30-year period for climate stations in Djurdjevac, Koprivnica and Krizevci, • The components of water balance for these two periods, according to Thornthwaite and Palmer methods. Based on such objectives of investigation, it is possible to assess the effect of climate change (drought) on soil water regime.
Material and methods
Corrected potential evapotranspiration (PET k ) was calculated using the Thornthwaite method, and the soil water balance was calculated using Thornthwaite and Palmer methods. Monthly precipitation and mean monthly temperature data, provided by the Meteorological and Hydrological Service of Croatia, were used to calculate corrected potential evapotranspiration (PET k ) by the Thornthwaite method. Data of the Basic Soil Map of the Republic of Croatia at the scale of 1:50 000 and the corresponding legends, as well as representative soil profile data for Albic Luvisol (FAO, 1998) , a predominant soil type in the County, were used to calculate water balance by the Palmer method. Water run-off (RO) and deficit of soil moisture storage to the depth of 0.5 m were calculated using a computer programme Hydropedokalk (Siric, Vidacek, 1997) . Mean available water capacity for five soil profiles was 196.5 mm at a depth of 10-50 cm, mean value of soil moisture capacity was 39.8 mm at a depth of 10 cm (z 1 ) and 149.0 mm at a depth of 10-50 cm (z 2 ).
Climatic characterisation was done according to Lang's rain factor calculation. Data on annual precipitation and mean annual temperature, values of corrected potential and actual evapotranspiration according to the Thornthwaite method, actual evapotranspiration according to the Palmer method, as well as data on soil water deficit and surplus were statistically processed and a linear trend was calculated (p < 0.05).
Results

Climatic characteristics of Koprivnica-Krizevci County
Mean monthly and annual temperature data, as well as monthly and annual precipitation for the 30-year period, from 1961 to 1990, and for the period from 1991 to 2008 in KoprivnicaKrizevci County for climate stations in Djurdjevac, Koprivnica and Krizevci, are shown in Fig. 1 . Compared with the previously observed 30-year period, during the 18-year period the increase in average mean annual temperature was 1 °C, whereas the increase in annual precipitation was 5 mm. The highest mean monthly temperatures in both investigated periods were observed in July, and the lowest in January. The minimum precipitation in the 30-year period was recorded during winter, and at the beginning of spring, and maximum in June. In contrast, in the last 18 years, maximum precipitation was recorded in September, and minimum precipitation in winter and at the beginning of spring.
Based on the average value of Lang rain factor (RF) during the past 18 years, the climate in the County has been semihumid (RF = 76.1), while in the previous period it had been humid (RF = 83.3). Based on the above, it can be said that a certain amount of warming has occurred, and that it influenced the soil water regime. Frequent droughts have been recorded, and consequently, the deficit in soil moisture storage has occurred. This statement is confirmed by water balance analysis performed according to Thornthwaite and Palmer methods.
Soil water balance
The results for the water balance components according to Thornthwaite and Palmer methods for the investigated periods from 1961 to 1990 and from 1991 to 2008 are shown in Table  1 . The value of corrected potential evapotranspiration (PET k ), representing plant water potential in the past 18 years, compared with the previously investigated period, was higher by an average of 35 mm. Actual evapotranspiration (AET) was determined by the Thornthwaite method and compared with previously investigated period the value was lower by an average of 10 mm, while actual evapotranspiration (AE) by the Palmer method was higher by 19 mm. Plant water potential, as the results have shown, has grown during the investigated years. However, sufficient water supply was not available to plants. Water deficit obtained by both methods was higher in comparison with the previous period. According to the Thornthwaite method, the water defi cit in comparison with the previously investigated period was higher by an average of 46 mm, and according to the Palmer method by 24 mm. Th e obtained water surplus value according to the Th ornthwaite method was higher by an average of 14 mm for the last period, and according to the Palmer method it was lower by 15 mm.
Th e results of statistical analysis of water balance components according to Th ornthwaite and Palmer methods were processed and a linear trend was calculated (p < 0.05). A linear trend in precipitation for the climate stations in Djurdjevac, Koprivnica and Krizevci is shown in Fig. 2 . Negative linear trend in precipitation was detected for all climate stations in the investigated area (p > 0.05). Assuming that precipitation will follow a linear decrease, in the coming decade there could be a decrease in precipitation by an average of 13 mm in the area of the County.
Positive linear trend in mean annual temperature was detected (p < 0.05) (Fig. 3 ). Based on a linear trend calculation, it can be assumed that by 2020 mean annual temperature will grow by an average of 0.4 °C. Th e increase in mean annual temperature, with concurrent decrease of the amount of rainfall, had aff ected and caused an increase in the demand for water within plants. Assuming that this trend will continue, there will be an increase in the values of corrected potential evapotranspiration (PET k ) in the coming decade by an average of 13 mm (p < 0.05) (Fig. 4) . A negative trend in the values of actual evapotranspiration (AET) according to the Th ornthwaite method was detected for climate stations in Krizevci and Koprivnica, as well as a positive trend for the climate station in Djurdjevac (p > 0.05) (Fig. 5) . A positive linear trend of actual evapotranspiration (AE) according to the Palmer method (p > 0.05) was detected, and is shown in Fig. 6 . Lack of rainfall, increase in mean temperature and corrected potential evapotranspiration (PET k ) had a negative influence on soil water balance. The calculation of a linear trend in soil water deficit according to the Thornthwaite method shows that by 2020 there could be an increase in water deficit by an average of 13 mm (p > 0.05) (Fig. 7) , and according to the Palmer method by an average of 9 mm (Fig. 8) . The value of linear trend in water deficit is statistically significant only for the climate station in Krizevci (p < 0.05). According to the Thornthwaite method, there could be a decrease in water surplus by an average of 13 mm (p > 0.05) in the following decade, as shown in Fig. 9 . Similar results were obtained using Palmer method, and there could be a decrease in water surplus by 18 mm, in the same period, as shown in Fig. 10 . However, statistically significant values were obtained only for the climate station in Koprivnica (p < 0.05). 
Discussion
The results show that in the area of Koprivnica-Krizevci County, a certain warming has occurred, which has negative consequences on the soil water regime. Plant water potentials have grown, and plant water availability has not been sufficient. The observed water deficit during the past 18 years was higher in comparison to the previously investigated 30-year period.
Similar results were obtained by Elgaali et al. (2006) , who investigated possible influence of climate change on plant water potential and soil water storage capacity by using mathematical methods. Using computer methods, the adverse changes in soil water regime caused by frequent droughts and inadequate soil management were also observed by Sato et al. (2008) . Škvarenina et al. (2004) estimate that climate change will have adverse influence on the value of potential evapotranspiration and, as the authors report, significant wa-ter deficit for most plant species will occur. Also, Yang et al. (2008) established a significant water deficit for growing of most agricultural crops, due to global warming. The adverse changes in soil water regime caused by drought were observed by other authors (Islam et al., 2005; Jiang et al., 2007; Moroizumi et al., 2009; Yang et al., 2008) .
Frequent droughts, and consequently a decrease in soil moisture storage, adversely affect the yield of crops grown (Spoljar et al., 2004) and in the near future, the consequences could be even greater. Therefore, it is considered necessary to provide new water resources in the County, and, of course, respond to greater irrigation demand, especially regarding commercial crops such as fruits and vegetables. Sun et al. (2006) determined higher values of evapotranspiration in winter wheat growing and therefore a greater irrigation demand due to global warming. Investigating the influence of water stress on winter wheat yield, using computer methods, Eitzinger et al. (2007) estimated a considerable reduction in grain yield. Regarding frequent droughts and adverse hydrological changes in general, in order to provide a stable agricultural production, numerous authors recommend the provision of new water resources and an adequate response to irrigation demands (Elgaali et al., 2006; Jiang et al., 2007; Moroizumi, 2009) .
Moreover, in agricultural production more attention should be paid to conservation tillage and the cultivation of crops in the rotation. Favourable impact of conservation tillage compared with other tillage methods that were investigated, with respect to increasing moisture content in soil, was obtained by numerous authors (Fabrizzi et al., 2005; Jin et al., 2007; Lenssen et al., 2007; Sessiz et al., 2008) . Spoljar et al. (2011) suggested that growing crops in rotation, by combined application of organic and mineral fertilization with liming, can reduce adverse influence of drought and can result in higher and more stable yields of crops.
Conclusion
Based on the above observations, the following conclusions can be made:
During the 18-year period (from 1991 to 2008), compared with previously investigated 30-year period (from 1961 to 1990), mean annual temperature was higher by an average of 1 °C, and annual precipitation was higher by 5 mm. Regarding global warming, plant water potential during the investigated years has grown; however, water availability to plants has not been sufficient. Water deficit, according to both water balance methods, was higher in comparison to the previous period.
A negative linear trend in precipitation (p > 0.05) as well as a positive linear trend in mean annual temperature (p < 0.05) was detected for all climate stations in the investigated area. The calculation of linear trend in water deficit using the Thornthwaite method shows that by the year 2020 there could be an increase in water deficit by 13 mm (p > 0.05), and using the Palmer method the average increase is 9 mm (p < 0.05 only for the climate station in Križevci). Water surplus calculated using the Thornthwaite method could mark a decrease by an average of 13 mm (p > 0.05) in the following 10-year period. Similar results were obtained using Palmer method, and water surplus could mark a decrease by 18 mm in the same period. However, statistically significant values were obtained only for the climate station in Koprivnica (p < 0.05).
Frequent droughts, and consequently a greater soil moisture deficit, adversely affect the yield of crops grown, and in the near future the consequences could be even greater. Therefore, it is considered necessary to provide new water resources in the County, implement soil management methods which have beneficial effect on moisture conservation and, of course, respond to a greater irrigation demand, especially regarding commercial crops such as fruits and vegetables.
